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Abstract
Allergenic ribosomal P proteins have been isolated almost exclusively from allergenic mold species with 
the exception of one from almond. Presently, nine cloned ribosomal P proteins are listed as allergens in 
Allergen Nomenclature, WHO/IUIS database. They belong to either P1 or P2 protein families.
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Introduction
Characteristics of ribosomal P proteins
Ribosomal P proteins are small molecules (10-11 kDa) that 
form the ribosomal stalk structure which plays a key role in the 
elongation step of protein translation [1]. Ribosomal P proteins 
have an isoelectric point in a very acidic range (pI 3-4), and 
are phosphorylated. For these reasons, they are also called 
acidic ribosomal P proteins. In addition to ribosome-bound P 
proteins, they are also found in a free-state in cytoplasm and 
an exchange occurs between the nucleus and cytoplasmic sites 
[2]. Free ribosomal proteins are contained in the nuclear sap 
and participate in the assembly of ribosome subunits that takes 
place in the nucleolus. Ribosomal proteins are ubiquitous and 
abundant in the cell. They are prime candidates for recruitment 
towards extraribosomal functions that are often related to 
overall cellular health, such as balancing the synthesis of the 
RNA and protein components of the ribosome and involving in 
apoptosis [3].
Based on sequence homology, mammals and yeast have 
two types of acidic ribosomal P proteins: P1 and P2 [4], and 
plants also have a third type P3 [5]. Both P1 and P2 have 
unique N-terminal domains and highly conserved C-terminal 
domains which contain a phosphorylated serine residue [4]. 
Both P1 and P2 proteins form heterodimers and bind to a 
neutral phosphoprotein, P0 through their N-terminal domain 
to form the pentameric stalk structure in the 60S ribosomal 
subunit [6]. Eukaryotic P0, P1/P2 stalk proteins are analogous 
to bacterial L10, L12 and archaeal P0, P1 stalk proteins, 
respectively [7]. They interact with elongation factors EF1 and 
EF2, and their level of phosphorylation regulates the overall 
rate of translation [8]. 
Ribosomal P proteins show strong sequence homology, 
probably refl ective of their common evolutionary origin. The 
C-terminal domains of all three proteins, P1, P2 and P0 show 
signifi cant sequence homology [1]. The C-terminal domains 
of ribosomal P proteins are involved in specifi c recognition 
of elongation factors [9,10]. They also bind some eukaryote-
specifi c ribosome-inactivating proteins (RIP), such as ricin, 
trichosanthin, maize RIP, pokeweed antiviral proteins, shiga 
and shiga-like toxins [7]. The ribosomal P proteins also 
share a common C-terminal epitope, which is recognized 
by the same autoantibodies in the sera of individuals with 
autoimmune diseases such as systemic lupus erythematosus 
[11,12], protozoan infections [13], and Chagas’ heart disease 
[14]. In addition to the common C-terminus epitope, ribosomal 
P proteins may contain epitopes in their N-terminal domains 
[15]. Ribosomal P proteins found in a free-state in the cytoplasm 
will most likely bind to toxic RIPs, autoantibodies and also play 
a role in their antigenic and allergenic properties since they 
are readily available unlike ribosome-bound P proteins. They 
are also readily isolated in the cytoplasmic fraction during 
protein isolation. Therefore, extra ribosomal functions of the 
isolated ribosomal P proteins are most likely manifested in 
autoimmune diseases, allergic reactions and toxicity of RIPs. 
The purpose of this article is to review the ribosomal P proteins 
that are reported to be allergenic in the literature. 
Allergenic ribosomal P proteins
Allergen defi nition rules for a protein to be considered 
in the Allergen Nomenclature is set by the World Health 
Organisation/International Union of Immunological Societies 
(WHO/IUIS) which recognizes a protein as an allergen if the 
protein binds to IgE antibodies in atopic sera from a minimum 
of fi ve different individuals [16]. Presently, most allergenic 
extracts are produced using recombinant DNA technology. In 
the past, preparation of allergen extracts were not only tedious 
but also contained large portion of cross-reactive impurities 
which interfered with test results. The advent of recombinant 
DNA technology made it easier to clone allergenic proteins, and 
produce allergen extracts in large-scale and exceptional purity. 
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Allergen extracts prepared from cloned recombinant allergens 
are more useful than the extracts produced by the traditional 
methods. This is important, since allergen extracts are used as 
standards for diagnostic reagents as well as potential vaccines 
for desensitization of mold-allergic patients. 
Several ribosomal P proteins have been cloned, expressed 
in large-scale and purifi ed. Table 1 shows the current list 
of the cloned ribosomal P proteins that are determined to 
be allergenic in WHO/IUIS database [17]. So far, all isolated 
allergenic ribosomal P proteins belong to either P1 or P2 protein 
families. Furthermore, almost all of these allergenic ribosomal 
P proteins with the exception of Pru du 5 of almond appear to 
be of fungal origin, and play a role in mold allergy. 
Alternaria sp., Cladosporium sp., Penicillium sp., Aspergillus 
sp., and Fusarium sp. are all rich sources of mold allergens. 
These mold species together with other common indoor 
allergens including house dust mite, cockroach and animal 
dander play a role in asthma and other airborne respiratory 
diseases [27,28]. At present, WHO/IUIS database lists about 
80 mold allergens from various protein families. Ribosomal P 
proteins (n=8) ranks second after proteases (n=18), followed by 
enolases (n=5), dehydrogenases (n=4), and others. 
Ribosomal P proteins are the predominant allergens of 
some mold species listed in Table 1. These proteins were also 
described as cross-reactive fungal allergens [29]. Perhaps, this 
may account for their role in autoimmunity. 
Future directions
Among the listed ribosomal P proteins, Pen cr 26 appears 
to be a naturally-occurring hypoallergen [22]. Pen cr 26 has a 
strong sequence homology to Pen b 26, and unlike Pen b 26, has 
weak IgE- and strong IgG-binding capacity. This characteristic 
of Pen cr 26 is useful for allergen-specifi c immunotherapy to 
desensitize patients against Pen b 26-like ribosomal P proteins 
without producing anaphylactic shock while promoting the 
production of neutralizing IgG antibodies. Further research 
is required to test the hypoallergenic characteristics of Pen 
cr 26 against other ribosomal P protein allergens since all 
share strong sequence homology and probably have common 
epitopes. So far, nine of the cloned ribosomal P proteins have 
been reported to be allergenic. This number is expected to rise 
in the future. 
References
1. Tchorzewski M (2002) The acidic ribosomal P proteins. Int J Biochem Cell 
Biol 34: 911-915. Link: https://goo.gl/p0B5Pv 
2. Zinker S, Warner JR (1976) The ribosomal proteins of Saccharomyces 
cerevisiae: phosphorylated and exchangeable proteins. J Biol Chem 251: 
1799-1807. Link: https://goo.gl/pu95jE 
3. Warner JR, McIntosh KB (2009) How common are extraribosomal functions 
of ribosomal proteins? Mol Cell 34: 3-11. Link: https://goo.gl/mXAlhs 
4. Wool IG, Chan YL, Gluck A, Suzuki K (1991) The primary structure of rat 
ribosomal proteins P0, P1 and P2 and a proposal for a uniform nomenclature 
for mammalian and yeast ribosomal proteins. Biochemie 73: 861-870. Link: 
https://goo.gl/BYkR4H 
5. Bailey-Serres J, Vangala S, Szick K, Lee CH (1997) Acidic phosphoprotein 
complex of the 60S ribosomal subunit of maize seedling roots. (Components 
and changes in response to fl ooding). Plant Physiol 114: 1293-1305. Link: 
https://goo.gl/WJivsF 
6. Tchorzewski M, Boldyreff B, Issinger OG, Grankowski N (2000) Analysis of the 
protein-protein interactions between the human acidic ribosomal P-proteins: 
evaluation by the two hybrid system. Int J Biochem Cell Biol 32: 737-746. 
Link: https://goo.gl/kFYDJM 
7. Choi AKH, Wong ECK, Lee KM, Wong KB (2015) Structures of eukaryotic 
ribosomal stalk proteins and its complex with trichosanthin, and 
their implications in recruiting ribosome-inactivating proteins to the 
ribosomes. Toxins 7: 638-647. Link: https://goo.gl/JboIwV 
8. Chen A, Kaganovsky E, Rahimipour S, Ben-Aroya N, Okon E et al. (2002) Two 
forms of gonadotropin-releasing hormone (GnRH) are expressed in human 
breast tissue and overexpressed in breast cancer: a putative mechanism 
for the antiproliferative effect of GnRH by downregulation of acidic 
ribosomal phosphoproteins P1 and P2. Cancer Res 62: 1036-1044. Link: 
https://goo.gl/CwJRYh 
9. Bargis Surgey P, Lavergne JP, Gonzalo P, Vard C, Filhol Cochet O et al. 
(1999) Interaction of elongation factor eEF 2 with ribosomal P proteins. Eur J 
Biochem 262: 606-611. Link: https://goo.gl/83dsMa 
10. Helgstrand M, Mandava CS, Mulder FA, Liljas A, Sanyal S, Akke M (2007) The 
ribosomal stalk binds to translation factors IF2, EF-Tu, EF-G and RF3 via a 
conserved region of the L12 C-terminal domain. J Mol Biol 365: 468-479. Link: 
https://goo.gl/EUOMd9 
11. Elkon K, Skelly S, Parnassa A, Moller W, Danho W et al. (1986) Identifi cation 
and chemical synthesis of a ribosomal protein antigenic determinant in 
systemic lupus erythematosus. Proc Natl Acad Sci USA 83: 7419-7423. Link: 
https://goo.gl/iuKAd1 
12. Bonfa E, Golombek SJ, Kaufman LD, Skelly S, Weissbach H, et al. (1987) 
Association between lupus psychosis and anti-ribosomal P protein 
antibodies. NEngl J Med 317: 265–271. Link: https://goo.gl/SjAuiA 
13. Soto M, Requena JM, Garcia M, Gomez LC, Navarrete I, et al. (1993) Genomic 
organization and expression of two independent gene arrays coding for two 
antigenic acidic ribosomal proteins of Leishmania. J Biol Chem 268: 21835-
21843. Link: https://goo.gl/6VrAlg 
Table 1: Allergenic ribosomal P proteins currently listed in Allergen 
Nomenclature, WHO/IUIS database [17].
Protein 
family
Allergen 
designation
Source species
GenBank 
accession 
no.
Allergen 
Nomenclature 
entry date 
Refere-
nces
P1
Alt a 12 Alternaria alternata X84216 2009 [18,19]
Cla h 12 Cladosporium herbarum X85180 2009 [19,20]
Pen b 26 Penicillium brevicompactum AY786077 2006 [21]
Pen cr 26 Penicillium crustosum JN791438 2014 [22]
P2
Alt a 5 A. alternata X78222 2009 [23]
Cla h 5 C. herbarum X78223 2009 [24]
Asp f 8 Aspergillus fumigatus AJ224333 2003 [19]
Fus c 1 Fusarium culmorum AY077706 2003 [25]
Pru du 5 Prunus dulcis (almonds) DQ836316 2007 [26]
Sevinc and Vijay (2017)
003
Citation: Sevinc MS, Vijay HM  (2017) Allergenic Ribosomal P Proteins. J Clin Microbiol Biochem Technol 3(1): 001-003. 
Copyright: © 2017 Sevinc MS, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and r eproduction in any medium, provided the original author and source are credited.
14. Mesri EA, Levitus G, Hontebeyrie-Joskowicz M, Dighiero G, Van Regenmortel 
MH, et al. (1990) Major Trypanosoma cruzi antigenic determinant in Chagas’ 
heart disease shares homology with the systemic lupus erythematosus 
ribosomal P protein epitope. J Clin Microbiol 28: 1219-1224. Link: 
https://goo.gl/wT4pkT 
15. Fabien N, Moreira A, Lavergne JP, Desbos A, Surgey P, et al. (1999) Auto-
antibodies directed against the ribosomal P proteins are not only directed 
against a common epitope of the P0, P1 and P2 proteins. J Autoimmun 13: 
103-110. Link: https://goo.gl/oMuXye 
16. New Allergen Submission Form (MS Word format, 182 KB). Link: 
https://goo.gl/A2PuzQ 
17. Allergen nomenclature. Link: https://goo.gl/nKLrwT 
18. Achatz GB (1995) Direct submission to GenBank (unpublished).
19. Kurup VP1, Shen HD, Vijay H (2002) Immunobiology of fungal allergens. Int 
Arch Allergy Immunol 29: 181-188. Link: https://goo.gl/Hkwz8g 
20. Oberkolfer H (1995) Direct submission to GenBank (unpublished). 
21. Sevinc MS, Kumar V, Abebe M, Casley WL, Vijay HM (2005) Isolation and 
characterization of a cDNA clone encoding one IgE-binding fragment of 
Penicillium brevicompactum. Int Arch Allergy Immunol 138: 12-20. Link: 
https://goo.gl/cXYGmu 
22. SevincMS, Kumar V, Abebe M, Lemieux M, Vijay HM (2014) Isolation, 
expression and characterization of a minor allergen from Penicillium 
crustosum. Med Mycol 52: 81-89. Link: https://goo.gl/61DucF 
23. De Vouge MW1, Thaker AJ, Zhang L, Muradia G, Rode H, et al. (1998) 
Molecular cloning of IgE-binding fragments of Alternaria alternata allergens. 
Int Arch Allergy Immunol 116: 261-268. Link: https://goo.gl/sfkWrV 
24. Achatz G, Oberkofl er H, Lechenauer E, Simon B, Unger A, et al. (1995) 
Molecular cloning of major and minor allergens of Alternaria alternata 
and Cladosporium herbarum. Mol Immunol 32: 213-217. Link: 
https://goo.gl/rnpWgm  
25. Hoff M, Ballmer-Weber BK, Niggemann B, Cistero-Bahima A, San Miguel-
Moncın M, et al. (2003) Molecular cloning and immunological characterisation 
of potential allergens from the mould Fusarium culmorum. Mol Immunol 39: 
965-975. Link: https://goo.gl/AIVJcy 
26. Abolhassani M, Roux KH (2009) cDNA Cloning, expression and 
characterization of an allergenic 60s ribosomal protein of almond (Prunus 
dulcis). Iran J Allergy Asthma Immunol 8: 77-84. Link: https://goo.gl/0T4pY8 
27. Arshad SH (2010) Does exposure to indoor allergens contribute to the 
development of asthma and allergy? Curr Allergy Asthma Rep 10: 49-55. Link: 
https://goo.gl/bnsiLS 
28. Kespohl S, Raulf M (2014) Mould allergens: Where do we stand with molecular 
allergy diagnostics? Allergo J Int 23: 120-125. Link: https://goo.gl/FEVSOh 
29. Crameri R, Zeller S, Glaser AG, Vilhelmsson M, Rhyner C (2009) Cross-reactivity 
among fungal allergens: a clinically relevant phenomenon? Mycoses 52: 99-
106. Link: https://goo.gl/nshMg1 
